ABSTRACT
Introduction
Identifying mechanisms to finance environmental conservation is crucial to achieve sustainable development. This is particularly important given the worsening crisis in public financing in Sri Lanka and the declining availability of foreign finance as concessionary loans and grants, with Sri Lanka achieving the status of a 'middle income country'. For financing to be sustainable, it is best, if possible, that environmental conservation is self financed, i.e. finance environmental conservation on revenue generated on, pricing where possible, the use of environmental resources (Kotagama, 2002 ).
An environmental resource that Sri Lanka has been bestowed with is biodiversity.
Given the high biodiversity and its endemecity, Sri Lanka has been identified as a biodiversity 'hot spot' in the world. The total economic value of biodiversity consists of consumptive, non-consumptive, option, bequest and existence values (see Kotagama, 1998 for a review of estimates on value of Sri Lankan biodiversity). Option values of biodiversity could be appropriated through biodiversity prospecting i.e. commercializing the search for chemicals or genetic material useful in pharmaceutical industry, and agricultural and other biotechnological industries.
The scientific community and the public have touted pharmaceutical prospecting to have a significant potential (i.e. a viable mechanism to generate revenue) to conserve biodiversity. The reason to have such an expectation is related to early studies that reported high revenues generated by 'harvesting and use of medicinal plants' and the continuity of piracy of plant material for pharmaceutical prospecting (biopiracy). The validity of this expectation has been negated by past international (Pearce and Moran, 1994; and national (Kotagama, 1996) research that have estimated low prospects of generating revenues from pharmaceutical prospecting (alternatively low willingness to pay by pharmaceutical prospectors to use plants for pharmaceutical prospecting). However, there is a recent resurgence of evidence of improved prospects (i.e. revenue generation) from pharmaceutical prospecting, based on research by Rausser and Small (2000) . The potential for pharmaceutical prospecting has been shown to improve with the use of prior information in guiding pharmaceutical prospecting research. Rausser and Small (2000) have considered the density of species of a site as an aspect of prior information that could improve the success of pharmaceutical prospecting research. Whilst acknowledging the inadequacy of a single criterion to represent prior information to guide research, they have identified Traditional Knowledge on use of Biodiversity (TKB) as an important aspect of prior information that could guide pharmaceutical research.
The use of TKB as prior information to guide pharmaceutical prospecting research could increase the probability of success of research and thereby increase revenue generation. Conservation and use of biodiversity and TKB are thus complimentary in generating potential revenue. Sri Lanka is bestowed with both high biodiversity and TKB.
Therefore, it is hypothesized that the country would be able to generate sufficient revenue through pharmaceutical prospecting to finance forest biodiversity conservation. This study, through a review of the literature and empirical estimation of the Willingness To Pay (WTP) 1 by the pharmaceutical industry for pharmaceutical prospecting, examines the potential of pharmaceutical prospecting to generate revenue to conserve forest biodiversity in Sri Lanka.
Upon briefly stating the objectives and hypothesis of the paper, the conceptual model that guide the analysis is presented. The model presumes that a major reason for loss of forest biodiversity is encroachment of forests for agricultural purposes. Therefore, if pharmaceutical prospecting could generate revenue larger than revenue from agricultural land use, forest encroachment could be prevented. Next, literature on estimation of WTP for pharmaceutical prospecting and the implication of past estimates of WTP on conservation of forest biodiversity is discussed. The subsequent section presents the results of the empirical estimate of the WTP for pharmaceutical prospecting in the Knuckles forest in Sri Lanka. Finally, limitations of pharmaceutical prospecting for being a viable mechanism to finance forest biodiversity conservation is discussed, leading to a brief conclusion giving recommendations for future policy and strategy.
__________________________ 1
Alternatively referred to as revenue generating potential, value and benefit of pharmaceutical prospecting.
Objective of the Paper
The objective of this paper is to examine the potential of pharmaceutical prospecting to finance the conservation of forest biodiversity in Sri Lanka. The paper is based on a review of the literature and an empirical case study on the Knuckles forest in Sri Lanka.
The specific objectives of the paper are as follows:
i. Review literature on estimates of WTP for pharmaceutical prospecting. ii. Estimate the WTP for pharmaceutical prospecting of the Knuckles forest in Sri Lanka, recognizing the complimentary link between biodiversity and TKB in improving the WTP. iii. Based on ( i) and (ii) above, examine whether potential revenue from pharmaceutical prospecting could finance forest biodiversity conservation in Sri Lanka.
Hypothesis of the Paper
A major cause of loss of forest biodiversity is the encroachment of forestland for agricultural purposes by villagers in the peripheries of forests (VPF). Thus, if pharmaceutical prospecting is to, on its own, finance forest biodiversity conservation, a minimum requirement is that the revenue received by pharmaceutical prospecting must be larger than revenues generated from agricultural land use, such that VPF could be compensated to refrain from encroaching forests. Hence it is hypothesized that the WTP for pharmaceutical prospecting could generate revenue higher than agricultural land use.
The Conceptual Model
The conceptual model is based on the basic economic principle of opportunity cost based decisionmaking. It is presumed that a major cause of loss of forest biodiversity is due to encroachment of forestland for livelihood purposes (particularly agricultural) by VPF. This is because revenue (monetary or otherwise) from agricultural land use is larger than forestland use. Therefore if forests are to be conserved, revenue from forestland use must be made larger than agricultural land use.
It is believed that the pharmaceutical industry earns extremely high revenue on using 'chemical leads' derived from biodiversity, in producing and selling pharmaceuticals. Sharing of this revenue equitably, with those who contribute to conserve biodiversity, would be an incentive for 43 biodiversity conservation. Among those who contribute to conserve biodiversity are VPF, by bearing the opportunity cost of not clearing forestland to generate revenue from agriculture. A share of revenue of pharmaceutical prospecting, if received by VPF that is larger than revenue derived from agricultural land uses, VPF would be weaned away from encroaching into forestland, resulting in the conservation of biodiversity (Thushantha and Kotagama, 1995; Kotagama 1996; Barrett and Lybbert, 2000) .
The validity of this belief primarily depends on the magnitude of revenue that could be generated through pharmaceutical prospecting and the potential to share the revenue among those who contribute to generate the revenue. The magnitude of the revenue that could be generated depends on the WTP for pharmaceutical prospecting by the pharmaceutical industry. Estimates done since the 1980's on the WTP for pharmaceutical prospecting has ranged between 'very high' and 'very low', creating optimism and pessimism on potential for pharmaceutical prospecting to finance environmental conservation. The reasons for the wide range in the estimates of WTP for pharmaceutical prospecting are ascribed to the differences in the methods and scope of estimation. It has been estimated that the WTP for prior information could be higher than the scarcity value of biodiversity in pharmaceutical prospecting ( Rausser and Small, 2000) . Kotagama (1996) Conceptually, TKB would increase the probability of success of pharmaceutical prospecting research, which in turn would increase WTP and finally the potential to generate higher revenue from pharmaceutical prospecting. Hence, it is necessary to establish the contribution that TKB could increase the probability of success of pharmaceutical prospecting research to estimate the contribution of TKB to the revenue generating potential of pharmaceutical prospecting. Given the lack of empirical information on such, this study estimates the sensitivity of WTP for pharmaceutical prospecting on change in probability of success of research, based on indicative probabilities. This study is a revision of an earlier study by Kotagama (1996) to examine whether pharmaceutical prospecting could generate sufficient finance to conserve forest biodiversity, given the complimentary link between biodiversity and TKB in improving WTP for pharmaceutical prospecting.
Review of Literature
The Prospect of pharmaceutical prospecting to finance forest biodiversity conservation depends primarily on two aspects, namely i. the magnitude of the potential revenue that can be generated by pharmaceutical prospecting (which depends on WTP) and ii. the potential to distribute the revenue among those who contribute to generate the revenue (which include VPF).
This review is focused on the potential revenue that could be generated from pharmaceutical prospecting only. The issue of distribution of revenue among those who contribute to generate the revenue is addressed in Pushpakumara et al., (2002 
Valuation of total use value of biodiversity as medicines
The earliest studies have estimated the revenue generated from direct use of plants for medicinal purposes or revenue generated from sale of pharmaceuticals produced from chemicals derived from plants. As reported by Anon (2002) quoting Pearce and Puroshothamon (1995) , pharmaceuticals have an annual sales value exceeding US$ 200 billion and over 25% of the drugs sold in the developed countries and 75% in the developing countries are based on chemicals made by organisms. The value per untested species in pharmaceutical prospecting as estimated by Principe (1989) and Aylward et al. (1993) and reported by Barrett and Lybbert (2000) range from US$ 23.7 and US$ 44.0 million (Rs. 1,801 million to Rs. 3, 344. million) . 4 This estimate is based on the product value of the plant based pharmaceuticals and the probability of success of pharmaceutical research. A study by Balick and Mendelsohn (1992) as reported by Anon (2002) has estimated that revenues ranging from US$ 16 to US$ 61 ha/yr (Rs. 1,216 to Rs. 4,636 /ha/yr) could be earned by harvesting medicinal plants from rainforests.
Gunatilake
(1991) and Gunatilake et al. (1993) Valuation of option use value of biodiversity in pharmaceutical prospecting Pearce and Moran (1994) have estimated option value of pharmaceutical prospecting to be in the range from US$ 0.01 to US$ 21.00 /ha/yr (Rs. 0.76 to Rs. 1,596 /ha/yr). They considered the potential revenue that could be generated from pharmaceutical prospecting of plants as a function of number of plant species at risk of extinction, extent of land having plants that would be of interest to pharmaceutical prospecting, value per drug produced and marketed plant based chemicals (or value of life saved by use of plant based drugs), probability of success of pharmaceutical research, royalty rate, and appropriation rates in estimating the potential revenue that can be generated from a hectare of land in pharmaceutical prospecting. The range is based on sensitivity analysis on the highest and lowest values of variables identified above. Thushantha and Kotagama (1995), and Kotagama (1996) , using the method that was proposed by Pearce and Moran (1994) , estimated the option value that can be generated from pharmaceutical prospecting of Sinharaja forest of Sri Lanka as US$ 77.00 /ha/yr ( Rs. 5,900 /ha/yr). A study by Karaluvinne (2001) using the same methodology estimated the option value that can be generated from pharmaceutical prospecting of Knuckles forest of Sri Lanka as US$ 19.67 /ha/yr (Rs. 1,495 /ha/yr). These studies considered only information on woody plants in the estimation of option value. All the studies compared the revenue generating potential of pharmaceutical prospecting with agricultural land use by VPF and found that potential revenues from pharmaceutical prospecting was lower than agricultural land uses. Thus, these studies concluded that pharmaceutical prospecting, on its own, would not be able to generate finances to conserve forest biodiversity. These studies, through sensitivity analysis on variables such as the royalty rate, appropriation rate and the degree of success of research, highlighted the need to strengthen property rights on biodiversity and TKB.
Valuation of the WTP for the option value of the marginal species in pharmaceutical prospecting without use of prior information in the research process questioned the validity of estimates of total and average value of pharmaceutical prospecting in economic decisionmaking, as it is the marginal values that are relevant in economic decision-making estimated the marginal value (WTP) of species and extended it to per hectare value in pharmaceutical prospecting. The maximum WTP (at 10% discount factor and time ranging from present to infinity) for pharmaceutical prospecting of forest in the southwestern Sri Lanka has been estimated as US$ 16.84 /ha (Rs. 1,263 /ha). The highest value estimated was US$ 20.63 /ha for Western Ecuador. It was concluded that the value of pharmaceutical prospecting being ' vanishingly small' could not provide an incentive for conservation. This is true, compared to profitability of tea cultivation in Sri Lanka, which is Rs. 42,068 /ha/yr. Estimation of was based on a pharmaceutical research process that randomly picked species for research, considering all species as having equal potential in pharmaceutical prospecting. Thereby the research process does not use prior knowledge to guide research. A subsequent study by has further shown that the marginal value of a hectare of land on biodiversity prospecting would remain to be very small, even if increased investments are made on biotechnological advances to reduce the time of researching.
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Valuation of WTP for the option value of marginal site in pharmaceutical prospecting with use of prior information in the research process. Rausser and Small (2000) critiqued that the estimate of as not having considered the possibility of using prior knowledge to guide pharmaceutical prospecting research.
However, admit these shortcomings in their work and claim that even if these shortcomings are rectified, it would not make a difference to the conclusion that the value of the marginal species of biodiversity in pharmaceutical prospecting in very small.
48
They considered that a sequential search with prior knowledge on the biodiversity of sites could increase the probability of success and also decrease the cost of research. They also alleged that Simpson et al.'s (1996) estimate of the value of the marginal species as pragmatically meaningless, as decisions on biodiversity prospecting would be based on sites 7 . Rausser and Small (2000) considering 18 sites (the same as those considered by and using the information on the density of endemic species as prior information, estimated the present value of WTP of pharmaceutical prospecting.
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The estimated WTP for pharmaceutical prospecting for forest in southwestern Sri Lanka is US$ 7,463 /ha (Rs. 567,188 /ha), which is the world's second highest among the estimates. The highest WTP (US$ 9,177 /ha) is for western Ecuador and the third highest present value (US$ 5,473 /ha) is for New Caledonia. The lowest non-zero value reported is US$ 231 /ha for Central Chile (Rausser and Small, 2000) .
Both estimates, by and Rausser and Small (2000) , for southwestern Sri Lanka were based on the following information: forest area in south western Sri Lanka as 70,000 hectares, density of endemic species per 1000 hectares in forests in south western Sri Lanka as 7.14, the probability of success of pharmaceutical prospecting research as 0.000012, probability that a research project would not yield success as 0.63, value of a successful pharmaceutical discovery as US$ 450,000,000, cost per test as US$ 485, an interest rate of 10%, and projects launched at a rate of 26 per year. Despite using the same information, except the consideration of the use of prior information (density of endemic species in a site) in pharmaceutical prospecting research and a sequential research
Although estimate the marginal value of a species in pharmaceutical prospecting, it is extended to the marginal value of hectare of land,. Further, although contracting of pharmaceutical prospecting deals would be done pragmatically by site or land extent, species could also be the unit of contract considering the widely alleged practice of piracy of species (biopiracy) for pharmaceutical prospecting and other purposes. The American Agricultural Economics Association has acknowledged the theoretical and methodological rigor of this paper by awarding the Quality of Research Discovery Award (www.columbia.edu).
process (over a random research process), the estimate of Rausser and Small (2000) varies by a magnitude of 443 times over that of .
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The higher value estimated by Rausser and Small (2000) In reviewing the past estimates of pharmaceutical prospecting it is observed that the WTP values range from "pennies in the lower end, US$ 21/ha in the mid to US$ 9,000 /ha in the higher end. Based on the most recent estimates that are "visibly big" it is clear that pharmaceutical prospecting alone could finance the conservation of forest biodiversity. However, Barret and Lybbert (2000) suggested that whether pharmaceutical prospecting could generate revenue to conserve biodiversity conservation by tipping the benefit cost scales on land use in favor of conservation is a context specific, empirical question. It also found that estimates of average values of pharmaceutical prospecting are credible estimates (Rausser and Small, 1998) .
Analytical Method
An objective of this study is to empirically estimate the WTP (therefore potential revenue that could be generated) for pharmaceutical prospecting of Knuckles forest in Sri Lanka. Pearce and Moran's (1994) method of estimation of the average revenue that could be generated by pharmaceutical prospecting is used in this study. The complementary relationship between biodiversity and TKB, in generating higher revenue from pharmaceutical prospecting is specifically recognized. Pearce and Moran's (1994) method is used due to its simplicity of the estimation procedure and due to explicit inclusion of policy variables that could be subjected to sensitivity analysis. The primary focus is on examining the sensitivity of WTP on the probability of success of research, which could be influenced by use of TKB.
The Pearce and Moran's (1994) method estimates the potential average revenue per hectare per annum that could be generated from pharmaceutical prospecting using the relationship given in the following equation, V mp (L) = {NR*.p*.r*.a*.V i /n}/ A where: V mp (L) is potential revenue that could be generated from pharmaceutical prospecting per hectare per year, NR is number of plant species at risk of extinction, P is the probability of discovering a drug from a plant, r is the royalty rate on pharmaceutical prospecting, a is the probability of appropriating revenue generated from pharmaceutical prospecting, V i is the value of a plant based drugs per year (where i could be based on estimates such as the market value of drugs derived from plant based chemicals or the value of lives saved by use of drugs derived form plant based chemicals), n is the number of plants that had been used in developing drugs and A is extent of land under biodiversity conservation. The measurement of these variables is explained below.
Number of plant species at risk of extinction (NR)
The NR is a proxy measure of economic scarcity of plants. Pearce and Moran (1994) used the number of species that 'would be extinct' (endangered) in the next 50 years as NR (60,000 species). Although this measure is appropriate to measure scarcity of biodiversity at a global level, it is not sufficiently accurate to measure scarcity of biodiversity at a country or site level. If a species is found in more than one country, pharmaceutical prospectors could move from one country to another given the substitutability. In order to recognize the drop in scarcity value due to substitutability between countries, only endemic and endangered species should be considered in a country or site. Endemics indicate scarcity over space, whilst endangeredness indicates scarcity overtime of species. The scarcity imposed over time of species was not considered in this study due to lack of information on how many of the endemics are endangered and vice-versa. This study used the identified number of endemic woody plants as the scarcity indicator of plants in the Knuckles forest area, which is 85 (see Table 1 ). Since only endemics have been considered in the study estimates are skewed to the upper bound.
Probability of success of inventing a plant based drug (p)
Pearce and Moran (1994) have reported (quoting Principe, 1991) that the probability of success of inventing a drug ranges from 0.001 to 0.0001, as revealed by experts Hence, neither very low nor very high probability of success of research would generate incentives for conservation of biodiversity. have estimated the probability of success that could give the highest value of the marginal species as 0.000012. This is true in a global sense. For a particular site it may be reasonable to assume that probability of success of research and pharmaceutical prospecting values are linearly related.
Probability of success of pharmaceutical prospecting research, as with the case of any research, will improve with use of prior information and has been empirically proven by Rausser and Small (2000) in the case of pharmaceutical prospecting.
However, the identification of what consists of prior information and quantification of those and finally establishing a relationship between prior information and probability of success of research is pragmatically difficult due to lack of data. Among the many aspects of prior information such as species density of a site (used by Raussser and Small, 2000) , TKB for medicinal purposes could be considered as prior information that could improve the probability of success of pharmaceutical prospecting research. As reported by Kumar (2000) this has been the practice followed by foreign and local scientists in scientific investigation on plants for pharmaceutical prospecting etc, in Sri Lanka.
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As much as possessing high biodiversity, Sri Lanka possesess a high base of TKB for medicinal purposes, given its long history. provided at least indications of the revenues that could be generated from use of TKB should be known.
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Since accurate quantification of the possibility of TKB to improve the probability of success of pharmaceutical research is difficult, proxies could be considered. In Sri Lanka there are 7,456 plant species of which 3,360 flowering plants have been identified ( Jayasekera, 1997, quoted in http://www.msssrf.org), and 1,414 plant species are used for medicinal purposes (of which 250 are commonly used and 50 heavily used) thus indicating the very high availability of TKB for medicinal purposes. Hence, to the base of the number of flowering plants identified, 0.42 of the plants are used for medicinal purposes and 0.07 commonly used and 0.01 heavily used. These figures are an indication of the probability of success of traditional knowledge in using plants for medicinal purposes. Further there is documentary evidence of at least two Sri Lankan plants ( Salacia reticulata and Salacia prinoides) being patented as having pharmaceutical potential in producing anti-diabetic drugs (Kumar, 2000) . Salacia reticulata (referred to as Kothala himbutu in Sri Lanka) has been traditionally used as an anti-diabetic medicine. If the search process had used traditional knowledge, then the search would have been 2 among at least the 250 plants that are commonly used for medicinal purposes, giving a probability of 0.008. This study has used (see Table 2 ) this high probability of success rates on pharmaceutical research, compared to internationally quoted low rates, ascribing such to high availability of TKB, in estimating the revenue that could be generated from biodiversity prospecting in Sri Lanka.
The royalty rate (r)
The royalty rate is the potential payment to the patentee (owner) of biodiversity or traditional knowledge. It could be a nation, institution or an individual depending on the manner of definition of property rights on biodiversity and TKB. Kumar (2000) observes that although Sri Lanka is in the process of legislating property rights on biodiversity and TKB, legislation has not been brought before parliament for approval. Hence, foreign and local scientists have virtually free access to biodiversity and traditional knowledge of its use.
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A possibility is to use the estimation procedure suggested by Rausser and Small (2000) to estimate information rent of pharmaceutical prospecting. Vogel (1996) has suggested that the royalty rate for pharmaceutical prospecting ought to be as high as 0.15, as with intellectual property with monopoly control. It is suggested that this royalty be shared between the country supplying the sample (1-3%) and the other countries having the same species the balance (14-12%). This implies that if a plant is endemic the suggested royalty rate of 0.15 could accrue to one country. However, given the absence of multilateral accord to fix the royalty, it is expected that the royalty would be meager, given the emerging price war among supplying countries. In effect, Vogel (1996) notes that the royalty could drop down as low as 0.02. Hence, Vogel (1996) has recommended that biodiversity supply cartels be institutionalized among supply countries.
In practice, it is reported that Monsanto Company has negotiated bio-prospecting contracts with International Cooperative Biodiversity Group for access to samples with royalties as low as 0.02 on net sales. Pearce and Moran (1994) have used a royalty rate of 0.05 based on the observation that existing royalty rates in general range between 0.05 to 0.20 and that a low figure is applicable for pharmaceutical prospecting. This study has used a royalty rate of 0.05 for the base analysis and has used 0.15 for the sensitivity analysis as only endemic species have been considered for pharmaceutical prospecting.
The probability of appropriating pharmaceutical prospecting values (a)
This factor quantifies the institutional capability to appropriate the value of research discoveries by the "owners" of biodiversity and TKB. The magnitude of the factor depends on the availability and enforceability of property rights on biodiversity and TKB. As Kumar (2000) (Yoshikawa et al., 1998a (Yoshikawa et al., , 1998b (Yoshikawa et al., , 1998c Shimodo et al., 1998) and patents by Japanese (Yamahara, 1999) and American (Inman and Reed, 1997) Pearce and Moran (1994) quoting Ruitenbeek (1989) suggest that the appropriation rate could be as low as 0.1 in developing countries. The fact that appropriation rate is low explains why developing nations feel that the benefit of their efforts to conserve biodiversity is captured more by others (Pearce and Moran, 1994) . This study has used an appropriation rate of 0.1 and has conducted sensitivity analysis on possible improvements. Pearce and Moran (1994) having considered market value of plants traded for medicinal purposes, and market value of drugs of which the source material has been plants, statistical value of life of lives saved using plant based drugs, have suggested the range US$ 0.39 to US$ 7.00 billion as the annual value of a plant based drug. These estimates are gross revenue and not net revenue. According to Anon (2002) , the development cost of a pharmaceutical drug is more than US$ 500 million. However, Pearce and Moran (1994) argue that the negligence of costs would not distort the value. The inelastic nature of demand for drugs, thereby the associated high consumer surplus, is not accounted in the market price of drugs. Hence, market price based value is an underestimate of the real value. Further it is noted that it takes about 10 years from the discovery of a potentially valuable chemical until a new pharmaceutical product is ready for sale (Moore, ud) , which will also reduce the value of pharmaceutical prospecting. Both effects together would compensate for neglecting the cost of production of drugs. This study has used the average (US$ 3.7 billion/year) of the range suggested by Pearce and Moran (1994) .
Average annual value of plant based drugs (V)

The Knuckles Forest
The empirical analysis of this study is based on information from the Knuckles forest in Sri Lanka. The Knuckles forest is geologically a part of the central massif of Sri Lanka. Its location acts as a boundary wall of the wet and dry zones of the island, and has given rise to a wide range of climates from extreme wet on the southwestern slopes to the dry on the eastern slopes. These factors have all combined to create a unique ecosystem within the Knuckles forests with rich diverse fauna and flora (IUCN, 1994) . It exhibits a floristically rich vegetation and comprises of four major forest formations namely, (a) lowland dry semi evergreen, (b) mid elevation wet evergreen, (c) mid elevation dry evergreen, and (d) montane wet ever green forests or cloud forests. This forest ecosystem is a 'gene bank' for a number of wild relatives of crop plants, valuable timber species and medicinal plants. But their populations are decreasing due to habitat destruction caused by encroachment for agricultural activities. Cardamom was a major crop that was cultivated in the Knuckles forestlands.
Although encroachment for cardamom cultivation has declined due to reduced crop prices and enhanced enforcement of conservation efforts, encroachment still continues.
Analysis
The result of the analysis is given in Table 2 . The estimates by Pearce and Moran (1994) based on global data are provided for purpose of comparison (row 1 and 2). As indicated earlier, the profit generated by tea cultivation is Rs. 42,068 ha/yr and of subsistence agriculture is much lower. Revenue from tea cultivation is considered as the opportunity cost of forest biodiversity conservation. The base line estimate (row 3) of potential revenue form pharmaceutical prospecting of the Knuckles forest in Sri Lanka is estimated on average values used by Pearce and Moran (1994) on p and V/n. It is evident that based on global estimates as well as data specific to Knuckles forest, the revenue generated by pharmaceutical prospecting is far less than revenue from agricultural land use. Column 9, gives the percentage between pharmaceutical prospecting revenue and the agricultural land use revenue.
Row 5 indicates the potential revenue that could have been generated through pharmaceutical prospecting, based on the recorded fact that 2 Sri Lankan plants have been patented as having potential of producing pharmaceuticals. It is observed that with the probability of success of research as 0.0008, pharmaceutical prospecting could generate more than the agricultural income (141%) in contrast to the base case of 9%. If it is considered that the patent for the two plants was based on research that was guided by use of TKB then it gives an indication of increased revenue that can be generated from use of TKB in pharmaceutical prospecting ( Rs. 55,945 /ha/yr). Row 6 indicates the probability of success of research required to break even on the revenue generated through agricultural land use, which is 0.006. If use of TKB of Sri Lanka can improve probability of success of research to 0.006, then pharmaceutical prospecting alone could finance the conservation of biodiversity.
As shown in row 7, even if the royalty is increased to 15% (the maximum conceivable on international experiences), the increased revenue would only account to 26% of the agricultural revenue from land. Further, as shown in row 8, even if the appropriation rate is 100% the potential income that could be generated by pharmaceutical prospecting will not be higher than income generated from agricultural land use. Both improving royalty rate and appropriation rate are not very responsive to increasing potential revenue from pharmaceutical prospecting. However, the possibility of increasing the appropriation rate is within the realms of Sri Lanka, whilst the royalty may drop down with international competition and is not controllable by Sri Lanka. Hence, Sri Lanka needs to define and enforce property rights on biodiversity and TKB to earn revenue from pharmaceutical prospecting to finance forest biodiversity conservation.
Based on the above review of literature and indicative empirical analysis, it could be concluded that pharmaceutical prospecting has the potential, even if not fully but at least partially to finance forest biodiversity conservation. A substantial proportion of the opportunity cost of forest biodiversity could be financed through pharmaceutical prospecting.
Given the potential of pharmaceutical prospecting to at least partially finance forest biodiversity conservation, it is necessary that appropriation possibility is improved in Sri Lanka, through enacting legislation on property rights, contracting and trade of biodiversity and TKB and the speedy implementation of such with appropriate institutions. Legislation and institutions should encourage legal, formal and commercially oriented pharmaceutical prospecting, early as possible on an internationally competitive basis, such that early benefits are derived.
The increasing value of TKB as a complement to the value of biodiversity in pharmaceutical prospecting should be recognized. It is TKB that is seemingly more scarce and irreversible in loss than biodiversity itself. Appropriate measures to conserve TKB should be taken. As Kumar (2000) suggested, the most pragmatic measure may be formal documentation although it is fraught with difficulties and controversies. The end objective ought to be that TKB is used to generate benefits to Sri Lanka, of which one way is generating finance for forest biodiversity conservation through formal pharmaceutical prospecting. Unless pharmaceutical prospecting is formally undertaken, experience suggest that Sri Lanka gets no benefit due to difficulties of abating bio-piracy.
Although economic analysis shows the potential for Sri Lanka to generate finances to conserve forest biodiversity through pharmaceutical prospecting, the implementation of such will be burdened with difficulties and uncertainties, which are related to socio-political and technological factors. Some of these difficulties and uncertainties are briefly discussed in section 9.
Further, forest biodiversity is a composite commodity that could generate multiple values other than pharmaceutical prospecting values such as consumptive values of harvest of non-timber products, which directly benefit VPF, nonconsumptive values of eco-tourism, which could be appropriated for the benefit of VPF, watershed benefits to VPF and non-consumptive values as educational values, ecological service values, cultural, existence and spiritual values etc.
14 Some of these values too, could be appropriated to finance forest biodiversity conservation through appropriate mechanisms. The prospects of particularly eco-tourism should be examined.
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Difficulties and uncertainties of pharmaceutical prospecting
The difficulties and uncertainties of implementing pharmaceutical prospecting are discussed as those arising from limitations of economic analysis, socio-political factors that would effect implementation and technological factors that would cause uncertainties on the benefits of pharmaceutical prospecting.
Cause of biodiversity loss:
This analysis was based on the premise that the major cause of loss of biodiversity is encroachment of forests by VPF. Biological models too accept this premise that species loss could be related to a smooth function of a habitat conversion quoting MacArthur and Wilson, 1967) . Reardon and Vosti, 1995 (quoted by Barrett and Lybbert, 2000) have empirically proved this premise. Whilst forest encroachment is a major cause of loss of biodiversity in Sri Lanka, historically forests have been cleared on a large scale by colonial and post-colonial governments. There are also indications of selective harvesting of medicinal plants and various nontimber forest products leading to loss of biodiversity (The World Bank, 1997) . Such causes of biodiversity loss are not addressed in this study.
Kuznet's relationship:
It is widely believed that dependence on forest use by VPF is related to the household income. Whilst poor people depend on forest resources, their dependence may first increase with increasing income and then decrease later as an inverted U curve (referred to as the Kuznet's relationship). Pharmaceutical prospecting, if it succeeds to transfer benefits to VPF, may cause first an increase in the extraction of forest products leading to an accelerated loss of biodiversity, and may even lead to irreversible losses. Although empirical evidence has not been formally reported, an author of this paper observed increased extraction of medicinal plants from an adjacent forest where medicinal plant cultivation and marketing was promoted through a project in Sri Lanka.
Lack of agronomic technology:
It could be expected that if a particular plant is found to have potential in producing a drug then there would be a demand for it. Where the technology to grow the plant on a commercial scale is not available it would lead to higher rates of extraction from the wild and that may lead to extinction of the species. Sri Lanka is currently confronted with this problem with Salacia reticulata .
Distribution of values:
Even if the value of pharmaceutical prospecting is substantial, a major factor that would determine the success of pharmaceutical prospecting in financing forest biodiversity conservation is the distribution of the value equitably (alternatively referred to as equitable benefit sharing) to those who contribute to the value addition process of pharmaceutical prospecting. An integral participant in the pharmaceutical prospecting process is the land user in the peripheral area of the forest. If the pharmaceutical prospecting values do not reach them to wean them from encroaching forest, then this process would not provide an incentive to conserve biodiversity in the forest. Some of these issues are reviewed below.
Most discussions on benefit sharing of pharmaceutical prospecting express doubts on the potential for benefit sharing between multinational companies and developing nations that host biodiversity (Kumar, 2000) . Multinational companies dominate the global pharmaceutical industry and it is these companies that are often blamed for bio-piracy. This is a contentious issue and will remain to be so. It is often argued that it is beneficial to countries having biodiversity to conduct pharmaceutical prospecting research in their countries and to sell value added products rather than biodiversity and TKB as source material ( Kotagama, 1996 : Gunawardena, 2002 . The potential for such should be researched, as value addition though a benefit involves a cost. The indications are that Sri Lanka does not possess the technology nor could Sri Lanka afford it. The international patent fee itself is US$ 60,000 (Anon, 1998). However, the decision on whether multinational pharmaceutical industry or national industry undertakes pharmaceutical prospecting would be based on socio-political considerations. This study has objectively shown the potentials of pharmaceutical prospecting irrespective of who undertakes it. On the other hand, national companies too are involved and emerging in the pharmaceutical industry in Sri Lanka, given the growing international demand for natural products in cosmetics and in health treatments. Pushpakumara et al. (2001) have showed that even national companies have not influenced a fair distribution of benefits among those involved in the value addition process in the pharmaceutical industry.
If the revenue of pharmaceutical prospecting were appropriated by the state, then the state would need a mechanism to distribute it, particularly to reach the land users in VPF. The common approach has been through implementation of integrated conservation and development projects also referred to as buffer zone development projects. The effectiveness of this approach has been doubted. Given the power structures in rural society, it may happen that, finances spent in the form of investments in buffer zone development may flow to the village elites rather than to the poor who encroach forests. Barrett and Lybbert (2000) mention that the experiences of the last 15 years on integrated conservation and development projects indicate that governments have not been successful in transferring environmental rents to "locals" to achieve conservation objectives. Barrett and Lybbert (2000) claims that although the value of pharmaceutical prospecting estimated by Rausser and Small (2000) are high enough to provide incentives for conservation of some sites, with high biodiversity and prior knowledge of it, given the downward sloping nature of the demand curve, taken over the range of biodiversity sites, the values would not be high enough to conserve biodiversity through pharmaceutical prospecting. As Sri Lanka is placed high on the demand curve, Sri Lanka should expedite formalizing pharmaceutical prospecting, to gain early benefits. Anon (2002) argues that given the fact that diseases that are common in one society could be uncommon in another, thereby traditional knowledge on use of medicinal plants for curative purposes may not be useful. This is particularly true because pharmaceutical companies, being market driven, may be interested in producing drugs for the rich who have the purchasing power and not for the poor (who have TKB).
Lack of effective demand:
15
Single shot extraction: Barret and Lybbert (2000) noted that if companies interested in pharmaceutical companies discontinue their investment in a site once a discovery is made (or even after full search), then it may not sustain the financing of biodiversity conservation of such a site. Hence, the value of pharmaceutical prospecting should include an intertemporal scarcity rent too, considering biodiversity as a nonrenewable resource. This would have to be invested to bring sustainable benefits such that biodiversity is conserved over time.
Experience on pharmaceutical prospecting contracts : Enthusiasm on pharmaceutical prospecting has not been proportional to its implementation. Pharmaceutical prospecting arrangements that have been implemented have not yet shown impressive results. The contract between INBio of Costa Rica and Merck pharmaceutical company has amounted only to US$ 1.1 million (Barrett and Lybbert, 2000) . Further, Barret and Lybbert (2000) have reported that the Shaman Pharmaceuticals company had realized (by February 1999) lack of profitability in the investment on pharmaceutical prospecting using indigenous knowledge and transferring benefits to indigenous people and therefore have ceased such investments. As reported by Anon. (2002), quoting Macilwain (1998) , a survey of companies involved in pharmaceutical prospecting has found that bioprospecting as not rewarding. As the world leader in biotechnology, the United States of America has not ratified the Convention on Biodiversity and, therefore, the expectation of benefit sharing from pharmaceutical prospecting may not be a reality with the United States of America as it is not obliged to do so. However, given the large number of the poor, even if a drug is sold at lower price it could realize large revenues.
Influence of biotechnology and
or genes. Anon (2002) has argued that although Rausser and Small (2000) have shown that advances in biotechnology will make bioprospecting cost effective, in contrast biotechnological developments will further reduce pharmaceutical prospecting values. Among the reasons given are that synthetic chemicals are nearly always much easier to synthesize in an industrial scale. There are also some who believe that the most important species are already conserved ex-situ and therefore in-situ species may not generate much value.
Conclusions
Empirical evidence suggests that there exists a reasonable potential for pharmaceutical prospecting to generate revenues to conserve forest biodiversity in Sri Lanka. This potential has improved due not only to the availability of high biodiversity but also the high availability of TKB. Based on the forgoing economic analysis it could be recommended that Sri Lanka should attempt to formally appropriate the benefits from pharmaceutical prospecting, dispelling bio-piracy. The process of establishing legislation and institutions on property rights on appropriating and sharing of benefits from biodiversity and pharmaceutical prospecting should be expedited.
Pharmaceutical prospecting is a highly socially and politically sensitive and contentious issue. Hence, broad and transparent public consultation is essential to decide whether Sri Lanka should engage in pharmaceutical prospecting, with whom, how and when etc. 
